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The predictive value of the left ventricular spatial flow
pattern for thrombus formation was determined in 62
patients with acute myocardial infarction. A normal flow
pattern by pulsed Doppler echocardiography was character-
ized by 1) simultaneous onset of blood motion at the mitral
valve and apical level, and 2) a discontinuous Doppler signal
along the lateral wall and interventricular septum. The flow
pattern was assessed by these criteria, within 24 h after the
onset of complaints and after 6 and 12 weeks.
In 46 ofthe 62 patients, a normal flow pattern was found
at the first examination; none of these 46 patients developed
a thrombus during the study period. An abnormal flow
Peripheral embolization resulting from a left ventricular
thrombus is a major complication after acute myocardial
infarction (1-7). Although regional wall motion abnormali-
ties, as defined by two-dimensional echocardiography, have
been used to identify patients prone to develop a thrombus,
it is still not known what initiates thrombus formation.
According to Virchow (8), thrombus formation may occur
in the presence of an endothelial lesion, a normal coagulation
mechanism and stasis of blood. We have recently described
(9-11) two apparent abnormal left ventricular spatial flow
patterns in patients with coronary artery disease. In the
present study, we investigated, during the acute phase of
infarction, the predictive value of these flow characteristics
in order to identify patients who will develop a thrombus.
Methods
Patient selection. Initially 81 patients (mean age ± SD
61 ± 12 years; 17 women and 64 men) entered this study.
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pattern was seen at the first examination in 16 patients; this
pattern normalized during follow-up in 6 patients, none of
whom developed a thrombus. In the other 10 patients the
abnormal flow pattern persisted, and 7of these developed a
thrombus.
These findings suggest that a normal left ventricular
flow pattern in the setting of acute myocardial infarction is
not associated with subsequent thrombus formation. This
observation may be of importance if anticoagulation is
considered.
(J Am Coil CardioI1990,'15:355-60)
The study was approved by the hospital medical ethics
committee, and all patients gave informed consent. The
patients were admitted to the study if they had an acute
myocardial infarction documented by a typical history,
diagnostic Q waves on the electrocardiogram (ECG), and
transient elevation of the MB isoenzyme of creatine kinase
(MB CK). Only patients in sinus rhythm without mitral
stenosis or aortic regurgitation were investigated. All pa-
tients were studied for the first time within 24 h after onset of
complaints. Patients with a left ventricular thrombus at the
first examination, as well as patients in whom no adequate
Doppler recordings could be obtained, were excluded from
further evaluation. Oral anticoagulant therapy or platelet
inhibitors were prescribed if severe apical asynergy or
thrombus, or both, was present at any time during the study
period. All patients were restudied after 6 weeks and after 3
months; patients were excluded from further evaluation if
they developed a recurrent infarction within 3 months. End
point of the study was reached by detection of a thrombus.
Doppler echocardiographic studies. The study was per-
formed with a commercially available two-dimensional echo-
cardiographic and pulsed Doppler system (Diasonics DRF
400) using a 3.5 MHz mechanical transducer. In order to
detect low flow velocities, the lowest wall motion frequency
filter was used (200 Hz). The frequency spectrum display of
the Doppler signals in this equipment is generated by fast
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Results
Clinical characteristics. A thrombus within the left ven-
tricle was present at the first examination in 11 of the 81
patients. Of the remaining 70 patients who had no thrombus
at the first examination, 5 died and 3 other patients devel-
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Figure 1. Pulsed Doppler apical four chamber view (Ap 4C) record-
ings of apical flow pattern. A, Normal flow pattern in a healthy
subject using a pulse repetition frequency of 13.3 kHz. The range
ambiguous recording shows no time delay (arrows) between the
onset of the curve from the apical level (high intensity) and mitral
valve level (low intensity), B, Abnormal apical flow pattern. The
range ambiguous recording shows an obvious delay (arrows) be-
tween the onset of the mitral valve inflow curve (low intensity) and
the curve from the apical level (high intensity), LV = left ventricle;
RA = right atrium.
Fourier transform analysis. All patients were investigated in
a left lateral decubitus position. Apical four chamber, two
chamber and long-axis views were obtained and stored on
video tape for later regional wall motion analysis. In all
patients pulsed Doppler recordings were obtained in an
apical four chamber view with the sample volume (length 4.1
mm) positioned at the level of the apex (Fig. 1). With use of
a high pulse repetition frequency range, ambiguity was
introduced and a simultaneous recording of flow at the apical
and mitral valve level was obtained, as earlier described (9).
In addition, pulsed Doppler recordings were obtained, again
using an apical four chamber view, with the sample volume
positioned in the vicinity of the lateral wall and interventric-
ular septum, halfway between the apex and mitral valve
anulus (10,11) (Fig. 2).
The characteristics of normal ventricular flow were de-
fined as 1) simultaneous onset of blood motion at the mitral
valve and apical level (Fig. lA); 2) a diastolic positive wave
followed by a negative flow wave or no Doppler shift at all
during systole near the lateral wall (Fig. 2A); and 3) an early
diastolic positive wave followed by a late diastolic negative
flow wave and a systolic negative flow wave near the
interventricular septum (Fig. 2B). As abnormal flow, we
considered 1) an obvious delay between onset of blood
motion at the mitral valve and apical level (Fig. lB); 2) a
positive Doppler shift near the lateral wall not interrupted by
the diastolic/systolic alternation (Fig. 3A); and 3) a continu-
ous negative Doppler shift during the cardiac cycle near the
interventricular septum (Fig. 3B).
A left ventricular thrombus was defined by an echo-dense
mass adjacent to, but distinct from, the endocardium in an
area of abnormal wall motion. This mass had to be seen
throughout the cardiac cycle in at least two different echo-
cardiographic views (12). A thrombus was said to be pres-
ent only if two investigators agreed; if no consensus was
reached, the decision of the third investigator (C.A.V.) was
binding.
Statistical analysis. All values are expressed as mean
values ± 1 SD. Sensitivity was defined as the number of
patients with an abnormal spatial flow pattern on the first
examination who developed a thrombus, divided by the
number of all patients who developed a thrombus (true
positives plus false negatives), times 100%. Specificity was
defined as number of patients with a normal spatial flow
pattern on the first examination who did not develop a
thrombus, divided by the number of all patients who did not
develop a thrombus (true negatives plus false positives),
times 100%. Positive predictive accuracy was defined as the
number of patients with an abnormal spatial flow pattern on
the first examination who developed a thrombus, divided by
the number of all patients with an abnormal spatial flow
pattern, times 100%.
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Figure 2. Pulsed Doppler recordings of normal flow obtained in the
vicinity of the left ventricular free wall (A) and interventricular
septum (B). During diastole, the Doppler recordings show a positive
wave near the lateral wall (A) and a small positive wave during early
diastole near the interventricular septum (B); this early diastolic
positive wave is followed by a late diastolic negative wave. During
systole a negative wave is consistently recorded. The arrowheads
indicate "ghost" signals, i.e., strong echo-Doppler signals induced
by wall motion. RV = right ventricle; other abbreviations as in
Figure 1.
oped a reinfarction during the study period. Thus, the final
study group consisted of 62 patients, of whom 16 had
sustained a previous infarction. Thirty-one patients had
inferior wall infarction (MB CK 114 ± 72 Ulliter) and 30 had
anterior wall infarction (MB CK 98 ± 63 Ulliter); in 1patient
Figure 3. Pulsed Doppler recordings of an abnormal apical flow
pattern. A, The sample volume has been localized near the lateral
wall and the recording shows a continuous (i.e., during the whole
cardiac cycle) positive shift. B, The sample volume has been placed
near the interventricular septum and a continuous negative shift is
recorded. Abbreviations as in Figures I and 2.
infarct localization was not possible. During the study period
thrombus formation was seen in 7 (11%) of the 62 patients; in
each, thrombus was localized at the apical level.
Echocardiographic characteristics. Apical hypokinesia
was found in 2 of the 62 patients, and none developed a
thrombus; apical akinesia was found in 16 patients (25%) of
whom only 1developed a thrombus; and 12 patients (19%) at
the first examination showed apical dyskinesia and 6 (50%)
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Figure 4. Pulsed Doppler echocardiographic findings in 62 patients
in relation to left ventricular thrombus (LVT) formation during the
study period of 3months.
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of these developed a thrombus. Apical dyskinesia in the
acute phase of myocardial infarction predicted thrombus
development with a sensitivity, specificity and positive pre-
dictive accuracy of 86%, 89% and 50%, respectively.
Pulsed Doppler echocardiographic characteristics ofnor-
mal flow were recorded in the acute phase in 46 of the 62
patients, of whom 13 had apical akinesia (n = 8) or dyski-
nesia (n = 5); none developed a thrombus during the study
period (Fig. 4). In 16 of the 62 patients, one or both abnormal
flow patterns were found on the first examination. Three of
these 16 patients demonstrated only a delay in onset ofapical
blood motion and three other patients only had a continuous
positive shift near the lateral wall or a negative Doppler shift,
near the interventricular septum, or both. Ten of the 16
patients had both abnormal apical flow patterns.
In 14 of the 16 patients with an abnormal flow pattern, the
infarct was localized anteriorly; one patient had an inferior
wall infarction, and localization was not possible in one
other patient with recurrent infarction. All 16 patients
showed abnormal apical wall motion at the first examination;
1 patient had apical hypokinesia, 8 had apical akinesia of
whom 1 developed a thrombus, and 7 had apical dyskinesia
of whom 6 developed a thrombus.
During follow-up, the abnormal flow pattern persisted in
10 of the 16 patients including all 7 patients who developed
a thrombus between 2 days and 3 months after the first
examination. None of the 52 patients who had a normal flow
pattern during any time of the study period developed a
thrombus. Thus, an abnormal spatial flow pattern on the first
examination predicted thrombus development with a sensi-
Figure S. Effect of administration of oral anticoagulant therapy
(O.A.C.) and platelet inhibition therapy (PJ.) in relation to Doppler
echocardiographic findings and left ventricular thrombus (LVT)
development during the study period.
tivity, specificity and positive predictive accuracy of 100%,
84% and 43%, respectively.
Anticoagulant therapy. During the acute phase of infarc-
tion, 20 of the 62 patients were given oral anticoagulant
therapy and 5 patients received platelet inhibition therapy
(Fig. 5). The remaining 37 patients did not receive any
anticoagulation; 4 (11%) of these 37 had at the first exami-
nation an abnormal flow pattern that persisted in 2 patients
of whom one developed a thrombus. Of the 20 patients who
received oral anticoagulant therapy, 11 had at the first
examination an abnormal flow pattern that persisted in 8
patients during follow-up. Five patients received platelet
inhibition therapy; one of these five had on the first exami-
nation an abnormal flow pattern that normalized during
follow-up. During the study period, none of the 62 patients
developed clinical signs of peripheral embolization.
Discussion
Clinicopathologic studies have shown that the presence
of a thrombus within the left ventricle after acute infarction
is related to the site and size of infarction and the presence
of pump failure (1,4). Anterior wall infarction typically
results in a greater area of necrotic myocardium than does
infarction in other areas, thus adversely affecting global left
ventricular function to a larger extent (1,5,13,14). Recent
echocardiographic studies (6,15,16) have shown that the
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majority of mural thrombi develop in the early days after
infarction. In addition, severe apical asynergy appears to
predispose to thrombus development (5,17). This type of
wall motion abnormality is, in contrast to inferior infarction,
often present in anterior infarction (5,13).
Flow pattern and thrombus formation. We recently de-
scribed (9-11) two distinct abnormal flow patterns: a free
vortex ring type flow pattern and an apical rotating flow
pattern. The vortex ring type flow pattern is characterized by
an apparent delay in onset of blood motion at the apical level
compared with the inflow at the mitral valve level (Fig. 1); in
addition, a higher flow velocity compared with normal is
found at the apicalleveI. In this type of flow pattern, blood
in motion is present within the left ventricle together with
stagnant blood (18). The apical rotating flow pattern (Fig. 2)
is characterized by a continuous (i.e., not interrupted by the
cardiac cycle) positive Doppler shift observed in the vicinity
of the lateral wall and a continuous negative Doppler shift
near the interventricular septum (10,11).
Recently, the association of specific abnormal flow pro-
files and thrombus within the left ventricle was demonstrated
(19). However, from that study it could not be determined
whether the abnormal flow was the primary event in the
genesis of the thrombus or occurred secondary to thrombus
development. The findings of our present study, carried out
in a prospective manner, tend to clarify this issue by
demonstrating that an abnormal flow pattern in the setting of
an acute myocardial infarction precedes thrombus forma-
tion. At the first examination, abnormal flow characteristics
were present in 16 patients; 7of these developed a thrombus.
Two-dimensional echocardiography and thrombus forma-
tion. Apical dyskinesia was found in 12 patients, of whom 5
had a normal and 7 an abnormal flow pattern. Despite the
abnormal apical wall motion, none of the five patients with a
normal flow pattern developed a thrombus; six of the seven
patients with an abnormal flow pattern and apical dyskinesia
did develop a thrombus. In addition, one patient with apical
akinesia and abnormal flow also developed a thrombus,
making the spatial flow pattern more sensitive than apical
dyskinesia in the prediction of thrombus formation (sensitiv-
ity 100% versus 86%). However, the predictive accuracy is
somewhat lower (43% versus 50%).
Flow pattern in relation to wall motion. In six patients
with an abnormal flow pattern at the first examination a
normal flow pattern was found 6weeks after the acute phase.
In the acute phase of infarction, the infarct zone affects the
motion pattern of the surrounding, noninfarcted myocar-
dium (the so-called adjacent nonischemic dyskinesia phe-
nomenon) and may result in a more substantial asynergic
area than that in the chronic phase (20). Recent echocardio-
graphic studies (21) have shown that the area of asynergic
myocardium may decrease during the first weeks after the
acute phase. It is conceivable that normal flow may be
restored as a result of reduction of the asynergic zone.
Clinical Implications
Anormal flow pattern at the first examination was seen in
46 of 62 patients, of whom none developed a thrombus. This
finding underlines the prospective value of a normal flow
pattern in the very early phase of acute myocardial infarc-
tion. Oral anticoagulant therapy or platelet inhibition ther-
apy was given irrespective of the Doppler echocardiographic
findings. Six patients who developed a thrombus during the
study period received oral anticoagulant therapy before a
thrombus had developed. This finding demonstrates once
again that oral anticoagulation does not prevent thrombus
formation after acute infarction (6,22). On the other hand,
the incidence of peripheral embolization is decreased signif-
icantly by this therapy (23-25). None of our seven patients
with a thrombus had a clinically documented peripheral
embolus.
Our results suggest that an abnormal flow pattern in the
setting of acute myocardial infarction is highly associated
with thrombus formation; thrombus formation was never
seen in patients with a normal flow pattern. This finding may
be of importance whenever long-term oral anticoagulant
therapy is considered.
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